In this study we examine both anomalous magnetic and dipole moment type couplings of a heavy quark via its single production with subsequent dominant Standard Model decay modes at the Compact Linear Collider (CLIC). The signal and background cross sections are analyzed for heavy quark masses 600 and 700 GeV. We make the analysis to delimitate these couplings as well as to find the attainable integrated luminosities for 3σ observation limit.
I. INTRODUCTION
Discovery of new particles performs a crucial role for physics beyond the standard model (SM) and may play a milestone role in the discovery of some open questions like the electroweak symmetry breaking [1] [2] [3] [4] , fermion mass spectrum hierarchies and mixing angle in quark/lepton sectors [5] [6] [7] [8] [9] , CP violation and flavor structure of standard theory [10] [11] [12] [13] [14] [15] [16] . The precise determination of heavy quark properties may present the existence of new physics. A heavy down-type quark (b ′ ) with mass less than 645 GeV and a up-type quark (t ′ ) with mass less than 585 GeV [17] are excluded at 95 % confidence level from proton-proton collisions at √ s = 8 TeV ATLAS detector at the CERN Large Hadron Collider.
Searching for new sources of CP violation beyond the SM is an attractive subject in particle physics since, it explains the asymmetry between matter and anti-matter. CP violating anomalous flavor changing neutral current (FCNC) tcZ/tcγ couplings have been considered in the literature before at hadron [18] and e − e + [19, 20] colliders. This type of and κ cgt /Λ < 1.6 × 10 −2 TeV −1 assuming only one coupling is kept nonzero [21] , while D0 set limits as κ tgu /Λ < 0.013 TeV −1 , κ tgc /Λ < 0.057 TeV −1 [22] and CDF set limits as κ tug /Λ < 0.018 TeV −1 , κ tcg /Λ < 0.069 TeV −1 [23] . Recent observed upper limits on the coupling strengths from CMS collaboration, which analysis both gqt and Zqt vertices probed simultaneously, are κ gut /Λ < 0.10 TeV
κ Zct /Λ < 2.27 TeV −1 [24] .
Serious contributions can be expected for the production of the heavy fermions, due to the anomalous magnetic moment type interactions. Phenomenological studies with these anomalous effects of these quarks have been performed at hadron colliders [25] [26] [27] [28] [29] [30] , at ep colliders [31, 32] and at linear colliders [33] . In this work, we study the production of single heavy t ′ quark at Compact Linear Collider (CLIC) [34] The interaction Lagrangian for t ′ quark within the SM is given by
where A µ , G µ , Z The anomalous magnetic and dipole moment type interactions among heavy quark t ′ , ordinary quarks q, and the neutral gauge bosons V = γ, Z, g can be described by an effective Lagrangian which contains the anomalous magnetic and dipole moment type couplings are given by
where F µν , Z µν and G µν are the field strength tensors of the gauge bosons;
anomalous magnetic (dipole) moment type couplings with photon, Z boson and gluon, Parameters CLIC
N (10 10 ) 0.372
respectively. Note thatκ' s are CP violating, Λ is the cut off scale of new interactions and
CP-violating flavor changing neutral current processes within the SM with the b ′ and t The contributing tree level Feynman Diagram for the anomalous single production of t ′ quark in e + e − collision is shown in Fig. 3 . In Fig. 4 , the total cross sections for single production of t ′ quark are plotted at collision center of mass energy of 3 TeV with respect toκ/Λ for m t ′ =600 and 700 GeV with κ/Λ =0 and 0.1 TeV −1 . Initial state radiation (ISR) and beamstrahlung (BS) is a specific feature of the linear colliders. We take the beam parameters for the CLIC given in Table I , when calculating the ISR and BS effects.
Hereafter, in all our numerical calculations we take into account ISR+BS effects.
III. SIGNAL AND BACKGROUND ANALYSIS
The signal process of single production of In the transverse momentum, rapidity and invariant mass distributions analysis we assumeκ/Λ = κ/Λ =0.1 TeV −1 . In Fig. 5 , the transverse momentum (p T ) distributions of the final state b quark for signal and background are shown for CLIC energy. We applied a p T cut of p T > 50 GeV to reduce the background, comparing the signal p T distribution of b quark with that of the corresponding background.
In Fig. 6 , we plot the rapidity distributions of final state b quark in signal and background processes. According to these figures, the cut |η b | < 2.5 can be applied to suppress the background while the signal remains almost unchanged.
In Fig. 7 , the invariant mass distributions for the W + b system in the final state are plotted. From these figures, we can see that the signal has a peak around mass of t ′ quark over the background.
In Table II , we calculate cross sections the signal and background and the statistical significance (SS) to discuss the observability of 600 and 700 GeV t ′ quark forκ/Λ =0.1 and 0.01 TeV −1 by taking κ/Λ =0 TeV −1 at CLIC. The SS of the signal are obtained by using the formula,
where σ S is the the signal and σ B is the background cross sections for the e + e − → t ′q i → W + bq i process, respectively and l = e, µ. We take into account finite energy resolution of the detectors for realistic analysis. In our numerical calculations we use the mass bin width ∆m = max(2Γ, δm) to count signal and background events with the mass resolution δm. The mentioned p T and η cuts are applied assuming the integrated luminosity given in Table I .
After this point, we will focus on limiting the anomalous magnetic and dipole moment type couplings. Firstly, in Fig. 8 , we present the 3σ contour plot forκ/Λ -κ/Λ plane at √ s = 3 TeV with m t ′ =600 GeV. According to these figures, the lower limits of κ/Λ and κ/Λ are about 0.033 TeV −1 at the CLIC energy. We plot the lowest necessary luminosities with 3σ observation limits for (a) m t ′ =600 GeV and (b) m t ′ =700 GeV at √ s =3 TeV depending on anomalous couplings in Fig. 10 . In the case of κ/Λ=κ/Λ=0.1 TeV −1 , it is seen that from these figures, t ′ quarks with masses 600
and 700 GeV can be observed at 3σ observation limit with lowest integrated luminosity about at the order of 10 4 pb −1 at CLIC.
IV. CONCLUSION
The anomalous FCNC interactions of heavy quarks could be important for some parameter regions due to the expected large masses. The sensitivity to the anomalous couplings (κ, κ) and (κ γ ,κ Z ) can be obtained for m t ′ =600 GeV about (0.033, 0.033) and (0.035, 0.038) for κ=0.01, for m t ′ =700 GeV (κ γ ,κ Z ) values can be obtained about (0.019, 0.0195) for κ=0.01
with Λ= 1 TeV. We also find the lowest necessary luminosity limit values at the order of m t ′ =700 GeV for √ s =3 TeV depending on anomalous dipole moment type couplings.
